Evaluating Preprocessing Choicesin Single-Subject BOLD-fMRI Studies Using Data-driven
Performance Metrics.
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INTRODUCTION. We tested the impact of spatial smoothing, within-subject alignment, and temporal detrending in
BOLD-fMRI usingpredictionandreproducibili ty data-driven performancemetricsfrom crossvali dationresamplingwithin
the NPAIRS (Nonparametric, Prediction, Activation, | nfluence, Reproducibili ty reSampling) framework [1].

METHODS. Data Acquisition: Sixteen right-handed vduntee's performed two runs of a static force task [2] alternating
six rest andfiveforce periods/run (44 s/period; 200-1000g randamized forces with thumb and forefinger). Data coll ection
used a Siemens 1.5T clinical scanner (fMRI:EPI BOLD, TR/TE=398660 msec, FOV=22x22x15cm, slices=30, voxe=
3.44x344x5mm; MRI: T1-weighted 3D FLASH). Preprocessing: (i) Spatial smoathing/slice with a 2D gaussan kernd
(FWHM = 0, 1.5 or 6 pixds). (ii) No within-subject registration a AIR3's sx-parameter rigid-body transformation
(AIR_6P, [3]); all scanswereresampledinto areference MRI space. (iii ) Temporal detrending usinga linear combination
of cosinebasisfunctions (0, 0.5 or 2 cycles). Analysis: After aPCA of eachrun’s sansacanorical variatesanalysis (CVA:
two-class= force and rest brain states) with ore of fivelevels of modd complexity (number of PCs used) produced modd
parameters including a discriminant eigenimage. The NPAIRS framework uses lit-half crossvalidation resampling (ie.
equal sized test and training sets), and for each subject each run was treated as both a training- and test-set.
Average-prediction(p) and reproducibili ty (r) metrics per subject were generated by usingthe CVA parametersfor onerun
to predict the brain state per scan in the other run, and by corrdating the two eigenimages to produce r-values that are
mondonically related to reproducible activation SNRs [1,4]. B o U e

RESULTS AND DISCUSSION. For the average across all sixteen &
subjects, Fig. 1 potsprediction vsreproducibili ty curvesasafunction d =
mode complexity for each combination d preprocessng choices. Asin
an ROC analysis, there is one optimal graph location: the ideal data set
andanalysis should provide perfect predictionand reproducibili ty (p,r) =
(1,1). All curves depict a tradeoff between reproducibili ty, the match to
the experimental design structure (prediction), and modd complexity
(degrees of freedom). For the upper six curves, alignment and some
temporal detrend nginteract with spatial smoathingandarealmost always
beneficial, while more complex modds tend to converge toward higher
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prediction with a large decrease in reproducibility. This indicates the v
decreased reproducible SNR expected as we obtain more accurate (i.e., Wau| Low| 1
lessbiased) prediction estimates with increasing model complexity, i.e., 5| £ v e
abias-variancetradeoff. Optimal preprocessngchdcesareobtainedwith & el Ci B 5|¢|o|m| T
heavy spatial smoathing, implying that optimization must be performed s]elale Bl=|alx
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as a function d spatial scale (e.g., Gausdan smoathing kernel size).
Using a new data driven alternative to ROC curves we have showvn that ! XL L
preprocessng choices are critical in gptimizing fMRI data analysis Raun-Run Activation Patiern Reproduc ity (C ore lation Coeficient, 1
approaches. Figure 1. Each curve represents the average results
from 16 subjeds for a combination of smoathing,
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